ADDITIONAL INDEX WORDS. variety trial, Cucurbita pepo, growing degree days, spineless, virus resistance SUMMARY. Ten yellow squash (Cucurbita pepo) and nine zucchini (C. pepo) cultivars were evaluated in southwest Georgia during spring and fall growing seasons in 2014 and 2015. Plants were grown using plastic mulch and drip irrigation following standard production practices for squash in Georgia. Plants were harvested 10 to 13 times during each study season. Fruit were graded into fancy, medium, and culls. Virus pressure was low during the trials. For yellow squash yields, there were significant cultivar by season interactions; however, Solstice, a straightneck yellow squash, and Gentry, a crookneck cultivar, were consistently among the highest yielding yellow types. Despite having no documented virus resistance, 'Gentry' performed well during the fall season. However, 'Precious II', a yellow straightneck cultivar with the presence of the precocious yellow gene, experienced high cull rates in the fall due to virus effects on the fruit. There was a year by season by cultivar interaction for zucchini yield. Despite this interaction, 'Respect' was ranked among the highest yielding cultivars in all four seasons of the trial. Differences were also observed between seasons for yellow and zucchini squash, with fall yields generally being lower than those in the spring. The results of this study suggest significant differences in the adaptability of squash cultivars for spring and fall production in Georgia. In addition, virus resistance, while important, should not be the exclusive factor for determining cultivars for fall-planted squash in Georgia.
S
ummer squash is widely grown in spring and fall seasons in southwestern Georgia. Georgia is a significant supplier of yellow (crookneck and straightneck) and zucchini squash for the United States and is typically ranked in the top three nationally in acres planted. In 2014, in Georgia, there were %8000 acres of summer squash harvested, valued at over $52 million (Wolfe and Stubbs, 2015) . About 60% of the summer squash crop is spring planted, whereas %35% is planted in the fall (Guillebeau, 2003) . A small percentage of acres are planted during midsummer, as elevated temperatures can reduce yields. Personal observations by the author suggest that about two-thirds of summer squash are grown using plastic mulches. Bareground plantings use overhead irrigation exclusively while those on plastic use drip irrigation.
Disease and insect pressure are lowest in spring plantings, which are started in early to mid-March in southwest Georgia. Growers typically use cultivars with little to no virus resistance in the earliest plantings and gradually incorporate those with increased levels of virus resistance as the season progresses. Although cultural methods such as reflective plastic mulches can reduce levels of virus (Boyhan et al., 2000) ; genetic resistance is the most widely accepted method to reduce the impact of some viruses in squash. The most common viruses observed in Georgia, in squash are potyviruses, often transmitted by cotton aphids [Aphis gossypii (Agrios, 2005) ]. Typical potyviruses observed include, Watermelon mosaic virus (WMV), Zucchini yellow mosaic viruses (ZYMV), and Papaya ringspot virus (PRSV) (Mossler and Nesheim, 2004) , with the latter two being the most commonly detected in Georgia (B. Dutta, personal communication).
In some years, silverleaf whitefly (Bemisia tabaci) transmitted begomoviruses, such as Cucurbit leaf crumple virus (CuLCrV), can be problematic in Georgia and north Florida (Webb et al., 2013) . First identified in the Imperial Valley of California in 1998, infection with CuLCrV can lead to severe foliar stunting and curling symptoms in zucchini and yellow squash (Hagen et al., 2008) . Although stunted, zucchini plants can still produce marketable fruit. However, yellow squash plants will produce fruit with green streaking, rendering them unmarketable (Webb et al., 2013) . There are currently no commercial cultivars of squash with documented resistance to CuLCrV.
Transgenic squash cultivars express coat proteins for viruses and are used in some fall plantings due to increased virus pressure. These transgenic cultivars have a high level of resistance to viruses, while conventionally bred types typically contain an intermediate level of resistance or tolerance to virus infection (Tricoli et al., 1995) . Results from field trials in Alabama have indicated that when virus pressure is high, transgenic virusresistant yellow squash cultivars can produce yields that are up to fourtimes greater than nonresistant counterparts during the fall production season (Sikora et al., 2008) . Due to market resistance to transgenic crops, seed companies continue to introduce traditionally bred cultivars with improved levels of virus resistance. With the judicious use of resistant cultivars, overall losses in Georgia from viruses in squash are usually low (Martinez, 2013) . However, in years of high vector pressure, complete losses of plantings without resistance can occur (personal observation).
In addition to incorporating increased disease resistance, seed companies continue to introduce yellow squash cultivars containing the precocious yellow phenotype. The precocious yellow phenotype is due to the presence of the B-gene and in some cases two or more modifying genes (Shifriss, 1981; Shifriss and Paris, 1981) . The presence of the precocious yellow gene(s) may mask the greening symptoms of some viruses, resulting in the production of marketable fruit despite infection. New cultivars are also continuously being introduced with improved agronomic characteristics. This includes ''spineless'' zucchini, in which trichomes are largely absent from stems and leaves, facilitating easier harvests and reducing damage to fruit (Xiao and Loy, 2007 Despite being a national leader in summer squash production, comprehensive cultivar trials have not been conducted in Georgia for at least two decades. Therefore, in Spring 2014, trials were initiated to evaluate yield and agronomic characteristics in zucchini and yellow squash in southwest Georgia. The objectives of these trials were to identify superior yielding cultivars for spring and fall production seasons.
Materials and methods
This study was conducted at the University of Georgia, Tifton Vegetable Park in Tifton, GA (lat. 31°5#N, long. 83°5#W), in 2014 and 2015. The soil was a Tifton loamy sand series (0% to 2% slope). Ten and nine cultivars of yellow and zucchini squash, respectively, were planted in all years and seasons ( (Horton, 2016) .
Squash were harvested 12 times in 2014, beginning on 5 May and 8 Sept. for spring and fall seasons, respectively. In 2015, squash were harvested 13 and 10 times beginning on 12 May and 8 Sept. in spring and fall, respectively. Spring-planted squash were harvested 37 and 28 d after planting in 2014 and 2015, respectively; whereas fall-planted squash were harvested 21 and 25 d after planting in 2014 and 2015, respectively. Squash were harvested every 2 d. All fruit were counted and graded based on a combination of U.S. Department of Agriculture grade standards (USDA, 2016) as well as industry-accepted standards for fancy and medium-grade squash (W. Brim, personal communication) as the USDA grade standards do not dictate specific size requirements. Squash were graded into fancy and medium fruit with average weights of 0.35 and 0.65 lb/fruit, respectively. Fancy fruit were estimated to be %1 to 1.5 inches in width and 6 inches in length. Medium fruit were 1.5 to 2 inches in width and up to 8 inches in length. Cull fruit included misshapen or diseased fruit that would not otherwise be marketable. Yields were calculated based on a 22-lb box that was estimated to contain 60 fancy or 36 medium fruit, respectively. Numbers of fruit per box were based on an average number of fruit counted per box on a commercial packing line (Quality Produce, Ty Ty, GA). Due to the fast growing nature of squash fruit, it was determined that yield should be calculated based on numbers of fruit and not total fruit weight.
In addition to yield, an average spineless rating was determined for zucchini squash. During harvests five through seven, petioles on three plants per plot were examined for the presence of trichomes (spines). Cultivars were scored on a 1-9 scale, with a 1 being numerous thick spines and a 9 being virtually spineless. The rating scale took into account both the number and relative thickness of spines. Cultivars with large numbers of small spines that may only feel rough to the touch, but would not damage fruit, would have been received a higher spineless rating number than cultivars with relatively few but larger spines, which would result in damage to fruit and discomfort for harvesters. Only zucchini were evaluated for spinelessness as several cultivars are currently being marketed as spineless (without trichomes), while there were no spineless yellow cultivars included in this trial.
Weather data were obtained from a nearby on-farm weather station that recorded environmental variables every hour and provided daily maximum, minimum, and total accumulated values [University of Georgia Weather Network, Tifton Station, Tifton, GA (University of Georgia, 2016)]. The following formula was used to estimate growing degree days (GDD); GDD = [(T max + T min )/2] -T base . GDD were calculated using a base temperature (T base ) of 45°F for squash (Maynard and Hochmuth, 2007 ) and a daily maximum temperature (T max ) of 89.6°F (NeSmith, 1997). The daily minimum temperature (T min ) was used for all calculations except during times when it fell below T base , then 45°F was used as T min . Data from all cultivars, seasons, and years were analyzed for interactions and main effects using analysis of variance (PROC Mixed), and mean separation using Fisher's least significant difference test (P < 0.05) with SAS statistical software (version 9.3; SAS Institute, Cary, NC).
Results and discussion
GROWING CONDITIONS. The Spring 2014 growing season experienced the most rain of any production period in the study, resulting in an increased incidence of bacterial leaf spot (Pseudomonas syringae pv. syringae) on zucchini plants as well as choanephora fruit rot (Choanephora cucurbitarum) in yellow squash fruit ( Table 2 ). The remaining growing seasons received typical rainfall levels for their respective time periods and fungal and bacterial disease pressures were minimal. The accumulated GDD at the first harvest in the spring growing seasons were 737 and 775 in 2014 and 2015, respectively. In Spring 2014, the first harvest occurred 37 d after transplant (DAT) compared with 28 DAT in Spring 2014. In Spring 2014, seedlings were transplanted 17 d earlier than in Spring 2015; however, the cool weather experienced in the week after transplanting in Spring 2014 contributed little to GDD accumulation. In Fall 2014 and 2015, the accumulated GDD at first harvest were 766 and 891, respectively. Temperatures for several days after transplanting in Fall 2015 were above 90°F, resulting in a period of acclimation where plants grew little, despite accumulating more than 150 GDD, resulting in a harvest at a greater GDD in 2015 compared with 2014. Total accumulated GDD for the full harvest season ranged from 1461 in Spring 2014 to 1570 in Spring 2015. When harvests were ended fruit was still being produced, but not at a commercially viable level. Although there is some published information regarding GDD and leaf development in squash (NeSmith 1997; Rouphael et al., 2008) , to our knowledge no data have previously been published regarding first harvest of yellow and zucchini squash in response to GDD. This information should prove useful for those planning sequential plantings for spring and fall seasons.
YELLOW SQUASH YIELD. There was a significant season by cultivar interaction for yield of yellow squash; however, there was not a significant year by season by cultivar interaction. Therefore data from both study years were merged and yields were evaluated by cultivar and season (Table 3) . 'Gentry', which produces a crookneck-type fruit, and Solstice, a cultivar that produces a straightneck-type fruit, had significantly greater yields than other cultivars for total and fancy fruit in spring and fall trial seasons. For medium fruit, in the spring trial seasons 'Cosmos' and 'Gold Star' differed significantly with 809 and 563 boxes/ acre, respectively, whereas the other cultivars did not differ. Cull rates in the spring study ranged between 6.1% for 'Solstice' and 10.1% in 'Gold Prize'. In general, most culls in the spring were due to misshapen fruit often resulting from uneven pollination, as is typical during lower temperatures experienced in the spring. Another reason for culling in spring-grown fruit was from choanephora fruit rot resulting from elevated rainfall.
In the fall-grown yellow squash, 'Gentry' and 'Solstice' had significantly greater yields of total fruit and fancy fruit (Table 3) compared with other cultivars. However, some cultivars such as Precious II and Enterprise had lower relative yields in the fall than in the spring. Conversely, the cultivar Conqueror III had relatively greater yields (higher rank) in the fall than the spring. 'Conqueror III' had 
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• April 2017 27 (2) the highest numerical yield of medium fruit in the fall, though it was not significantly different from six other cultivars. Yields of yellow squash in the fall season of the present study were similar to results for other cultivar trials for fall-grown squash (Rowell et al., 2002; Satanek et al., 2003) . The cull rate of fruit was significantly greater in the fall than in spring (main effects of season not shown). 'Precious II' had a cull rate of 49.9% in the fall compared with 9.5% in the spring. Nearly all 'Precious II' fruit were culled due to virus symptoms. Although 'Precious II' contains the gene for precocious yellow (Table 1 ), which will mask greening associated with Cucumber mosaic virus and WMV, it will not protect fruit from exhibiting greening from ZYMV and PRSV (Shifriss, 1981) . Furthermore, while the precocious yellow characteristic will mask greening of fruit, it will not prevent bumps on the surface of fruit caused by the infecting virus. Nearly, all fruit from 'Precious II' were culled due to a bumpy appearance and not greening. It is notable that earlier trials conducted in Kentucky noted that 'Precious II' had a relatively poor appearance, though not specifically due to virus symptoms (Satanek et al., 2003) .
Interestingly, yields of 'Gentry' were not significantly different from 'Solstice', the highest yielding cultivar in the fall. 'Gentry' has no documented virus resistance and does not contain the precocious yellow gene. Therefore, it was expected that cull rates due to virus in 'Gentry' would have been high in the fall. While symptoms of ZYMV were present on some 'Gentry' plants and confirmed by The University of Georgia Plant Pathology Diagnostic Laboratory, overall cull rates (12.8%) and losses to virus were lower than some cultivars. Similarly, Rowell et al. (2002) noted that yields of 'Gentry' grown in the fall were no different from other cultivars with higher levels of virus resistance. Likewise, plants in that trial also exhibited limited virus symptoms despite being conducted during a time frame when virus pressure was expected to be high (Rowell et al., 2002) . In the present study, another yellow squash cultivar, Enterprise, which also lacks virus resistance, experienced cull rates of 20.9% in fall, although this cull rate was not significantly different from other cultivars with intermediate levels of virus resistance.
Main effects of season (data not shown) indicated that yields in the fall were significantly less than in spring. The average decrease in total marketable yield from spring to fall was 33% for all cultivars. However, 'Conqueror III', a transgenic cultivar, had a decrease in total marketable yield of 14.8% in fall compared with spring, contributing to the season by cultivar interaction. Although 'Conqueror III' had a lower cull rate (14.2%) in the fall compared with several other cultivars, cull rate alone was not responsible for the relatively smaller decrease in productivity in the fall. 'Solstice' a cultivar with intermediate levels of resistance to WMV and ZYMV had a statistically similar cull rate (12.4%) as 'Conqueror III' in the fall, but had a relative decrease in yield of 27% in the fall compared with spring. Previous trials have clearly demonstrated yield increases resulting from the use of highly virus resistant transgenic squash compared with conventionally bred cultivars under conditions of high virus pressure Cull percentage is based on nonmarketable fruit due to shape, color, or presence of virus divided by total number of fruit harvested.
x Fancy fruit = 1 to 1.5-inch diameter and 6-inch length, medium fruit = 1.5 to 2-inch diameter and £ 8-inch length; 1 inch = 2.54 cm.
w Values in the same column and year followed by the same letter are not significantly different at P £ 0.05 according to Fisher's least significant difference test.
• April 2017 27(2) (Schultheis and Walters, 1998; Sikora et al., 2008) . With the exception of 'Precious II' and to a lesser extent 'Enterprise', the decrease in yield in the fall compared with spring was not closely associated with virus infection. In fact, overall incidences of virus in both years in the fall were low for the region and limited to one or two plants per plot, with the exceptions of 'Precious II' and 'Enterprise'. No virus was observed in any plants in the spring. This suggests that a cultivar such as Conqueror III may be better adapted for fall production than other cultivars, regardless of the level of virus resistance. This may be expected as 'Conqueror III' was selected primarily for fall production. ZUCCHINI SQUASH YIELD. There was a significant year by season by cultivar interaction for total yield of zucchini squash (Table 4 ). In three of the four seasons, 'Respect', a mediumgreen fruited cultivar, had the numerically greatest total yield. In Spring 2014, 'SV6009YG', a dark-green fruited cultivar, was numerically the highest yielding cultivar. Nonetheless, 'Respect' was not significantly different from 'SV6009YG' for any yield category in Spring 2014. In Spring 2014, three cultivars, Payload, Spineless King, and Spineless Beauty were unable to be harvested due to an outbreak of bacterial leaf spot on transplants resulting from cool wet conditions at planting (Table 2 ). In 2015, total yields in fall were %50% or less than spring total yields for 'Esteem', 'Spineless King', 'Spineless Beauty', and 'SV0914YG'. The only zucchini cultivar that experienced large decreases in fall productivity that had no virus resistance was Spineless Beauty. Although a sample taken from 'Spineless Beauty' plots was confirmed positive for ZYMV, few (one to two per plot) plants exhibited any symptoms. The other cultivars experiencing large decreases in fall yields had no observable virus symptoms, suggesting that the primary reason for reduced yields was not virus related, but linked to other environmental conditions. Furthermore, while cull rates increased for 'Spineless Beauty' and 'Spineless King' to 23.3% and 23.0%, respectively; the culls were due to poorly shaped fruit that curved more than market tolerances, but were clearly not the result of virus infection. An earlier trial conducted by Rowell et al. (2002) noted that 'Spineless Beauty' fruit was tapered and larger on the blossom end. Conversely, 'Justice III' is a transgenic cultivar with high levels of virus resistance that it ranked relatively higher among the cultivars for yield in Fall 2015, compared with spring. However, in 2014, 'Justice III' had lower yields than several cultivars in the fall season. Cull rates of 'Justice III' were high (34.3%) in Fall 2014, resulting from fruit that tended to be bulbous at the blossom end. This suggests that virus resistance is important, but not necessarily the only consideration for fall production of zucchini squash and that, Cull percentage is based on nonmarketable fruit due to shape, color, or presence of virus divided by total number of fruit harvested.
x Fancy fruit = 1 to 1.5-inch diameter and 6-inch length, medium fruit = 1.5 to 2-inch diameter and £8-inch length; 1 inch = 2.54 cm.
w Values in the same column and year followed by the same letter are not significantly different at P £ 0.05 according to Fisher's least significant difference test. 
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• April 2017 27 (2) despite high levels of virus resistance; some cultivars are not well suited to production under fall growing conditions. Because of a significant cultivar by season by year interaction, main effects are not presented. However, as with yellow squash, total yield averages for zucchini squash in fall were significantly lower than in spring in 2014 and 2015 (data not shown). For both years, the average total yield of zucchini decreased 35.5% in the fall compared with spring. There were 13 harvests in Spring 2015 and 10 in Fall 2015, which may account for a portion of the decrease in yield in fall. However, it was unlikely that additional harvests in Fall 2015, would have increased yields significantly as the plants were producing few if any fruit when harvests were ended. Furthermore, in 2014, there were an equal number of harvests in spring and fall there were significant decreases in yield for all cultivars in the fall.
ZUCCHINI SQUASH SPINELESSNESS. A spineless rating was taken on the petioles of zucchini plants during all four trial seasons because several zucchini cultivars are marketed based on having spineless attributes. There was a cultivar by season by year interaction for spineless ratings (Table 5 ). As expected, the two cultivars that are sold as ''spineless'' types, Spineless King and Spineless Beauty, were virtually spineless and had the highest spineless rating in Fall 2014 and Spring 2015. A new cultivar, SV0914, a medium-green fruited zucchini, had the highest spineless rating in Spring 2014 (when both Spineless King and Spineless Beauty were removed from the trial) and was grouped with the two spineless-cultivars in Fall 2015. With the exception of 'SV0474' in 2014, zucchini plants had higher spineless values in fall compared with spring. Relative differences in the spineless ratings among cultivars in the different seasons and years resulted in the threeway interaction. In both study years, 'Esteem' and 'Justice III' had the largest increase in spineless ratings between spring and fall, while changes in 'Respect' were lower. Although the presence of trichomes (spines) is genetically dependent (Xiao and Loy, 2007) , the environment may impact the expression of spines on zucchini plants. For most cultivars trialed, results suggest that growing conditions in the fall in southwest Georgia lessen the levels of spines present.
Conclusion
Several published cultivar trials of summer squash have focused on the impact of virus resistance on yield (Rowell et al., 2002; Satanek et al., 2003; Schultheis and Walters, 1998; Sikora et al., 2008) . However, while yields were related to level of virus resistance in some of those studies (Sikora et al., 2008) ; virus pressure was sufficiently low in others such that resistance levels were not well correlated with yield (Rowell et al., 2002; Satanek et al., 2003) . In the present trial, cotton aphid populations were typical for the fall; however, virus pressure was fairly low. The low levels of virus pressure in the four study seasons allowed for an evaluation of yield potential affected primarily by different growing conditions present in spring and fall. If virus pressure in the fall were high, as is typical for southwest Georgia, then the results of this study could have been quite different. Under typical levels of virus pressure, those cultivars with high levels of virus resistance would have likely exhibited significantly higher yields than those with low or even intermediate levels of resistance.
Because of the low virus levels in the fall plantings, the relative performance of the cultivars as affected by the different weather conditions typical to spring and fall plantings were able to be evaluated. Temperatures at which fruit are produced during the most productive harvest periods (harvests three to eight) were higher in the fall than in spring. These higher temperatures may have affected pollination or fruit development/shape, which could have resulted in significantly higher cull rates in the fall, despite low virus levels. Several yellow squash cultivars had fruit culled due to having a ''ribbed'' appearance, whereas zucchini cultivars were culled due to having a curvature or a bulbous shape at the tip.
The straightneck cultivar, Solstice, had high yield potential in spring and fall as well as intermediate resistance to WMV and ZYMV. Although 'Gentry', a crookneck cultivar, exhibited a high-yield potential in spring and fall seasons in this study, the lack of virus resistance would limit usage of this cultivar in regions with high virus pressure. The high cull rates associated with 'Precious II', also suggested that the presence of the precocious yellow gene(s) may not be adequate for reducing losses due to virus.
Although there were significant year by season by cultivar interactions for productivity of zucchini squash, Respect, was numerically the highest yielding cultivar in three of the four seasons trialed and was always statistically grouped with highest yielding cultivars. This suggests that 'Respect' is widely adaptable to production over a range of climate conditions. In addition, due to the low virus incidence in this study, we can conclude that lower yields encountered in the fall seasons were likely the result of the climate conditions routinely encountered in the fall. In addition to cultivar recommendations, this information will be useful for estimating crop yields and crop-loss estimates for fall-grown yellow squash and zucchini in the southeastern United States. Lower yields typically encountered in the fall may at times be erroneously attributed to losses due to disease.
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